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Abstract

Sinkholes in west-central Florida are usually formed
from the erosion of overlying soil and sediment into
open fissures of dissolved limestone bedrock. They are
one of the leading natural disasters in the area, and therefore, precursory detection is crucial to alleviate risks of
property damage. Using the Interferometric Synthetic
Aperture Radar (InSAR) method, we can detect surface
subsidence in selected study areas over which InSAR
scenes were captured every 22–45 days over ~two years.
InSAR is an airborne remote sensing technique that uses
multiple Synthetic Aperture Radar (SAR) images to resolve elevation changes over time. Using the Persistent
Scatterer Interferometry (PSI) method, processed InSAR datasets can be used to create time-series datasets
of localized subsidence. We complete a statistical analysis to determine if individual InSAR time series points
show evidence of discontinuous behavior (as might be
expected for sinkhole activity), which could be indicated
by a slope break within the time-series. These time-series points with statistically identified slope breaks are
compared against other terrain data. We examine the relationship between subsidence rates and distance from
surface water features identified from both aerial images from 1944 and present surface water features from
the USDA database. The proximity of InSAR points to
surface water features was determined using the NEAR

analysis technique in ArcGIS Pro. This analysis shows a
weak correlation between subsidence rates and distance
to both past and present surface water features. We also
examined how subsidence rates relate to the elevation
of the study area. This analysis shows no correlation between subsidence rate and local elevation.

Introduction

West-central Florida is considered “sinkhole alley” due to
its high rate of sinkhole activity. Sinkholes in this region
are usually formed from the erosion of overlying soil and
sediment into open fissures of dissolved limestone bedrock
(Tihansky, 1999). Since sinkholes are one of the leading
natural disasters in this area, precursory detection is crucial to alleviate the risks of property damage. Detection
of surface subsidence is possible using the Interferometric Synthetic Aperture Radar (InSAR) method. Synthetic
Aperture Radar (SAR) is a radar technique used to create
high-resolution images of the Earth’s surface, InSAR uses
the difference in phase between two SAR images to create elevation models (Burgmann et al., 2000). The InSAR
technique has a millimeter-scale vertical resolution and
therefore can detect small surface changes. It also allows
for spatial analysis of potentially sinkhole—related features on a regional scale. The method has been successfully used to assess sinkhole deformation in the Dead Sea
region (Nof et al., 2019; Atzori et al., 2015; Yechieli et
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al., 2016). Imaging sinkholes in Florida is much more difficult due to vegetation that lowers the coherence of SAR
images and the smaller diameter (up to 5 m) of Florida
sinkholes (Oliver-Cabrera et al., 2018). Therefore, to help
assess the use of InSAR time series datasets for detection
of sinkhole-related subsidence in west-central Florida,
we seek to understand the relationship between subsiding
points and karst-related surface and hydrological features.
Previous research approaches focused on creating hazard
and risk maps and models for sinkholes using already collapsed sinkhole locations (Frumkin et al., 2011; Tharp,
1999). Other studies delineated sinkhole occurrences as
they related spatially to drywell complaints, differences
in groundwater head, and other surface hydrological
features (Aurit et al., 2013; Whitman, 1999). This work
analyzes the spatial distribution of possible sinkhole locations identified from InSAR-derived time-series datasets
showing subsidence in west-central Florida. We use aerial
photos to see how surface water features in the 1940s relate to current InSAR-detected subsiding areas. A digital
elevation map (DEM) of the study area, retrieved from the
USGS National Elevation Dataset, is also used to compare
local subsidence and elevation.
InSAR Data Acquisition and Analysis
InSAR data acquisition was completed by the TerraSAR-X satellite with an X-band sensor. The repeatpass interferometry and spotlight acquisition mode were
used to collect high-resolution data (0.25 to 1.1 m pixel
resolution) between the years 2015–2018 for three site
locations in West Florida (Figure 1). Due to budget
constraints InSAR acquisition is limited to a two-year
sampling period. For this paper, we focus on one of the
three sites, site 2, which is 15 km2 in area. The Stanford
Method (StaMPS) software was used to implement the
Persistent Scatter Interferometry (PSI) method to produce displacement information for three site locations in
west-central Florida (Oliver-Cabrera et al., 2018).

Methodology

To analyze the relationship of InSAR derived subsidence
points and surrounding surface water and topography,
we first complete a statistical analysis to identify points
within each time series that indicated a sudden surface
movement. These sudden changes in movement (slope
breaks) are assumed related to sinkhole formations and
therefore used as a selection criterion for the InSAR
points used in this paper. We then use spatial techniques
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Figure 1. InSAR study area in west-central
Florida. This study focuses on site 2 (middle),
which is 15 km2.
in GIS: extract DEM elevation at each InSAR subsidence point and NEAR analysis to understand how time
series datasets with defined slope breaks relate spatially
to other surface features.
Slope Break Analysis
Slope break analysis was carried out using Matlab,
where a single model with the slope and intercept
of two lines was fitted to each time series. A kink in
this two-line model was shifted throughout the selected time series to calculate line statistics for locating points of sudden surface movement (Figure 2).
The time of a possible slope break was determined
by finding the model fit where both lines before and
after the selected kink had the lowest combination of
slope uncertainty values. A p-test was then computed
to determine if the points were statistically better represented by a two-line fit than a single line regression.
For this study, we used the time series datasets best
represented by a two-line fitted (kink) model with the
assumption that they may represent sinkhole-related
activity. The subsidence rate for each point used in the
analysis described here, however, is the best-fit value
to the total time series (e.g., blue line in Figure 2).

GIS methods

Digitizing Aerial Photos, Near Analysis
Aerial photos from 1944 from the University of Florida
(UF) library database were georeferenced in ArcGIS

Figure 2. Example of a time-series dataset
with slope break/offset location. To find the
location of a slope break a two-line model is
moved along the time series. The kink model
is then selected by comparing slopes of the
lines before and after the kink, the model with
the lowest combination of slope uncertainties
is selected. The slope break for this dataset is
in early 2016.

Figure 3. Image of site location in west central
Florida overlain by a georeferenced aerial
image from 1944. Surface water features can
be identified by low (black) pixel values. Site is
located in Hernando County, Florida.

Pro. Areas that were apparent surface water features
were digitized for analysis. These water features had low
pixel values similar to pixel values of the present-day
water features (Figure 3). Surface water features can be
seen in Figure 4. Using the Near Analysis geoprocessing
tool, the distances between each time-series point and
their nearest surface water polygon features were calculated. This was applied to polygon features from both the
USDA surface water hydrography layer and the digitized
surface water features from the 1944 aerial imagery. Results for the distance analysis are present in Figure 6.
Figure 5 shows a plot of the relationship between the
time-series slopes and elevation.

Results and Discussion

In Figure 4 the USDA surface water features outnumber
the surface water features identified in the 1944 aerial
imagery, therefore as we would expect the time-series
points are closest to surface water features in this layer
(Figure 6).
NEAR analysis values show that faster subsiding points are
on average closer to water features in both the 1944 and the
USDA surface water features (Figure 6). Surface water fea-

Figure 4. Map of digitized surface water
features from the 1944 aerial imagery in Figure
3 and surface water features from the USDA.
Time-series subsidence points are also on
map.
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tures from 1944 can be assumed a representative of older
collapses and therefore one might expect faster subsidence
points to be in closer proximity to these older features (Figure
6 – bottom). This relationship, however, is not strong.
Figure 5 shows little to no correlation between subsidence
rates and elevation. This suggests that InSAR-detected subsidence points are dispersed across the landscape without regard to elevation. However, we note that sinkholes in Florida
are typically 3–5 m in width, which is close to the resolution
of the 3 m DEM. Thus, the DEM will not show any small
depressions that could indicate sinkhole formations. The geological significance of the elevation data can also be affected
by human development of land within the area. Also, the top
of limestone is very irregular and partially controls topography (Downs, 2017). Regional wetlands hydrology shows a
connection between surface water and the confined Upper
Floridan Aquifer. These wetlands are found in both uplands
and lowlands suggesting karst features, which also drive
sinkhole activity, are at least partially controlled by other factors besides topography.

Conclusion

The distance of points to surface water features from
both the digitized 1944 aerial imagery and USDA hydrography shows a weak correlation to subsidence
rates. InSAR subsidence rates in the study area do not
correlate with elevation. To further this analysis, using

Figure 6. Plots showing the correlation
between subsidence rate of each time series
point and their distances to the closest water
feature from the USDA layer (top) and the
1944 digitized water features (bottom).
higher resolution elevation models, we will complete a
Depression/Sink Evaluation to determine the location of
possible sinks in the survey area. We will also complete
a principal component analysis (PCA) to identify how
topographic, anthropogenic (land use land cover), and
hydrological activities relate to the distribution and slope
of the InSAR derived subsidence points.
Figure 5. Relationship between elevation
from 3-meter DEM (USGS-National Elevation
Dataset) of study area and slope of
subsidence points.
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